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[«b*i mmm 

Btfia^u-y^- KA^r^f^=E - Reigns frmE&s§s#3f 
a° t/ * am* zmm l x^-m^mzm c x iff is ^ * ^mmzms. & -t 

mi<Dmmmm£.m2<Dmmmi&£<z>mizmv*>n. mi (DMmm&o b^> 
mm i Rtfm 2 <Dmmmm%.&x v~zf*4v?- «, ws^ae^ t i&mmmm 

mmzn, mmmi (Dmrnnrnz i ){&^m2e>®mmB.<z>b : 7yvx*x*mf&z 
iff ib v ^ t>mn> ir & ? - z & mmmfom <d frmx fa iz ^ c t i m -t & m 

^ ni/ ^ (D^^mmLx^mismzm^xmt^ v ^mmz^^^-t ^>-f 
u- bm^t. znmMzn&mzmmmmmmmmt&mmmmmcn 1 m<d* 
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tc & & x y ^ mm & m t z> z t & i: -r « mat nis&^* 0 
im&mi] gff##i leaser. 
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tus h 9 ^ es& & m l mm&mntii * * **/ * ##« s n x v > & v a #^h$ ^ *y 
mi& * ^ -r & n m&M® t & m l , 

o] &sto&s&«ic;J3v*t, 
•e © ^ ic m ih x y - zf 7s >r y & s t mm 9 y ®j& & mm t £ s x u 

So 



3 



ffi$E#2 003-3009346 



#2002-24 734 6 



[0 0 0 1] 
[0 0 0 2] 

MOS (MTCMO S : Multi-Threshold-Voltage CMOS) #$|^2tlTV^ 0 » 

©MTCMOSft«T?ii, Mts#Mif i KHB*3*i*i:fc»J, -fgvth 

«^VDD £ fcffi V \ mUVSS £ 7 V - 7 7s <i y * * ft L X £ ft S &&ttKME ( 

7>(y?-iZs mvthh^yyTsZT-mi&ztiz&X', *?m<Dv -vmmv>$i\£. 

[0 0 0 3] 

Z<D£olZ. MTCMOSSffitCitltf, *U KBfrJCtt, -gpi; £te£Ttf) 
[0 0 0 4] 
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-©Mt-lt Mfr&t)1*:m&l £^y*m&2 tit. {£Vth h ^ y Z Z°Mf& 
£*U n&Mft-zSMV&Z. fit, iiS«^«j±Vdd{cxU-^^-f y^SSWS: 

J&2 I*J<Z>y-*«^£iqj;l.5 0 
[0 0 0 5] 

[0 0 0 6] 

i ] 

rffi?H»«*, , 'JT7>fm 6 0- 741 

[0 0 0 7] 
[##ff 2 ] 

T. Miwa et. al. "A 512 Kbit Low-voltage NV-SRAM with the size of a con 
ventionai SRAM" , 2001 Symposium on VLSI Circuit Digest of Technical Pape 
rs 

[0 0 0 8] 

mmt>mm u £ e> n -r *> mm 
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s&zmm-tzm&iz. ^(D^mm^v^m^2izmmLxAji-y^v^m^ 

3 zmm-rzx&mtf&v. ^v^±mz.ihr^^x, mnmmmvddtA-^vji 

[0 0 0 9] 

[0 0 10] 
[0 0 1 1 ] 

AM (Static Random Access Memory) ^fB^3*lT^£o i 60^}? $S'(£SRAM©;* 

;-K©Hu^i:Li//<;i/§:, &mmfo3cvAis#izmm2 j &z> 0 s^ot, m 

[0 0 12] 

4 0 0 5 0 7# (¥/&i 3^12^2 8HtBI) T*&£„ fit, 3©5fcffffi«© 
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[0 0 13] 

[0014] 
[f&M S tz. & ©3Mg] 

© «^fBS £ tf> r^c 1^ e> *i > ^ l © H^B«i± © h ^ > ^' x ^ $ ti x U - 

ic H2©«^ih^{c^m$4x> hi coMunj±& vm^2<Dmm.ni±.v> 

[0 0 15] 
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[0 0 1 6] 

, mi&Tfm2<DmmmmR&xv-"7xj mmmmmwti&mmmm 
wiz*n?nm?hn. istc ^2<z)iSr«^@B^^<£«asKi^ic^3ti, m 

^^f^iiSttS. fit, xU-^^-K^^T^^^y^-KtC^ilSt- 
[0 0 17] 
[0 0 18] 

±m<Dmme>mmiz&^T. &v&tLL^mmw~e&. ®.&m<**wi/*\* 
, =5vi-mv&<D itt<Dmmm*iz-%<Dii%^tfmmistit=.'pte< n% lttn&m 

SM^^J/^^tS. fit, MfH^l/- h##«, 
[0019] 

, ^y^EHfr© l^©IS'tt^iC-^(7)^^^$ti^2McD^M«^ d r^A 0 
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[0 0 2 0] 
[0 0 2 1] 

mm jc M^mmvdd t. a - * jvmmwM t y - y * >r ^ ssw & ^ l ti 

[0 0 2 2] 
[0 0 2 3] 
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yx-r * rssv&mm.t&x y -y#-JfsLP&£&£j&i-s 0 

[0 0 2 4] 

#slp#l t/^;wc&u, ^u-^-f y^sswtf^ii^Jt&ic&y, A-^*;Mt 
»wddtt3a^m®vddjcg?»stis. tot, jfi*^*5*»aiia»i^>9y^ia 
s^2 its mmzfemztiTMi%MftZft$ 0 MfrbcDxzyA^m^sTMizm 
tit, ^y-^^-KicA-sstrJc, fflwm^m&m&stfzfis-hm^PLit 

»M# ft tt, i: b T $ ft * o 

[0 0 2 5] 

hr£ft<5 0 citify n-;Hfr#T?&5«, 

[0 0 2 6] 

^(Z)i:-Mc. *y-^*>f y^sswau x'j-^f - Ki:T^f-f Kfc 

xy K^&T^f-f y^- Rcg^t^s *:£<z>y 

■5c 
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[0 0 2 7] 

'J - ^ * -Y v ^ t Vddfli i: <£«jffi«MVssM t ic * *l tl^ s 3 

;i/«icvvdd toiaicpf ^^M*5>i?x^^e»*5^y-^>fy ^sswp^gg 
(c&, -eti-rti5£W©^u-^##sLP, sLPxi:^> «9»^^iai&5^e>« 

[0 0 2 8] 
[0 0 2 9] 

So 

[0 0 3 0] 
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29-4 zf*- KJCfcfl** 5tt©'J 0 5O«T? 

a, ®3i:isi^i{c, xu-^>r v^sswp f ss»M««i«fifliaffliK:-eti-6ni8w& 

[0 0 3 1 ] 

•?tfm2ftz> a M&&£>l*:Wimm9&l<D&j]t>K CMOS h5>X77— if- h l 7 
Sr^LT, VX#-^*/^[a5& 1 0 ICA#£*U JgfC, 7^ # y ^®S& 1 0 
©ffi^J*^ CM0Sh^>^7T-Y- h 2 0 &^LT^l/-^7yfllIBH 4 fC^ 
$e3*lTV%3. 0, 14lCtt, l*f<Z)>f 1 1 , 12, 1 

5, 1 6 ^cMosh^>^7r-y- h 1 8, 2 i#aaw-e>ti*. 

[0 0 3 2] 

9y^s*i« 0 jgic, ^ny *cK®;&^±#yxy*;jcHS0bT>f 1 1 

[0 0 3 3] 

©IB««^N2, NX2Mii#3ftSj8*ffi©7 J -*#, ^©lM©fH'H^-?-N2 
, NX2»C*4x-?tliS?iKatlfegfi^««c^-vAi/^FC 1, FC 2{C«&rT|BIC 

[0 0 3 4] 
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[0 0 3 5] 

*mmi 0%.r$*]s—7^y*mV&l 4©-f>A-# 1 l, 12, 15, 16fC 
[0 0 3 6] 

*UC#V\ &§|*ft^-V/\ 0 :># FC 1 , 2tt, ^l/~^5y^Hg&l 4© lft<D 
[0 0 3 7] 

;-KNX2iiHWe*5i:ts. ^u-h^PLi*«L w 

©B^ii, afc«*#**/t2/* FC 2lCV>f^*#ft©«i£7W;!fo3;ft£CDT?, * 

flH3*lT^fcV*0)*e, j&D*fcttj&B ©fifties 5. 
[0 0 3 8] 

-er-e, h-fg-^p l 1 &hw<mz&2>£^ mnmfa*vA*/# FC 1 
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Is - PL 1 #L UKjUZte&t:, &mm{fc*rVrfi/ZFC 1 {CliSffitfPP 

flUStlfc^©"*?, j&C#£j&DlC#«frU 3fcSI«#3r*,r?S/* FC 2 it. J&AIC 
#ifr1-Sc t£o"C ii*ft#^AS/*FCl, FC2&, ®6{C^£*l3 £5 

[0 0 3 9] 

<0*#&f£^y^lBI&©iM£T&»J, 0 6©IS»^tt, ^'J-^ff SLP^H 

J — KN 2 , NX2©L, Hl/^©t*tt»58LT4<)!i!S. 
[0 0 4 0] 

M»-fg#^ia«i 5 1±, «iajc, ^i/-hf^PLUHu^;Hcit, &mm 

y^EIJ&l 4 © l^fCDgaitag^N 2, NX2lC£j&-t£„ 
[0 0 4 1 ] 

mtf&m*&fa*VrfSs&lzVpM-£ftZ><DT% &B<D*vrti/# F C 2 it&ClZ® 
UrU &D<D*V/**/$ FC 1 *b&ClZ®m-t&o fi£oT, |WfC*ffifC*f LT> 

W^t/1J/^FCl, FC2©§ICH C = Q/V(Z>m&ftt>, *V 
^*FC 1 l±/J^» (W*.fc*5 0 f F) , dp^/t*/* FC 2 tt*^* 
2 0 0 f F) (C&oT^£ 0 
[0 0 4 2] 

08M\ Xl/-^^y^l@Ig&<D FN 2, NX2 lCg^£*lS^*& 
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«^«ffiVddl//^;i/©3. 3V, lZ&^t-£-tZ>£^ 2-D0mAktlzm^X. J 
-KN2tt, 3 V ( = 3.3VX50fF/ (5fF + 50fF) ) {C&U, ;-KNX2S, 3 
.22V ( = 3.3VX200fF/ (5fF+200fF) ) {C&£ . o £ »K NX 
2(C«, 3Vil3. 2 2V3^WiD3*l, Wy-KWKIO. 2 2VOtffiH« 

[0 0 4 3] 

Hi 5tca%s*iSi:fe»j, ffltt#-JH&£0»5#;*y-:7te#SLP 

[0 0 4 4] 

^y^EtHl 4*V-KN2$:L U'OWC, y- KNX 2 SH l"<;WClgilr~#* 
SilliMt;ii/^FCilt IE#fa<A«j±#MJ£*w 0 7 an;* 

f'J^X#MC{CWS„ hfg#P L 1 #L l/"OWC3*i 

fi£oT, M^-Y/^>#©3ii#|Hjte, 5*;fi»14(2);-KN2, NX 2 
[0 0 4 5] 

a - ;bgfr#T% ^U-h##PLlJcj:»J 3£§g«ft * * A 2/ * rmicjcS C 

y f-Eft 1 4 O 1 ^© ; - FN 2 , NX 2 Jc^fRS tifcHlc, X'J- 
>f y ^ SSWtfagil L T 9 y IfflfctfiSttf fc £ *l £ © T% -r - # % flft£g tc ^ y 

[0 0 4 6] 

H9tt, H2©^^^^^fiijiS|©srj©#!IS:^iaS§HT*fe5o 0 6£|hIC 
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<fc<5o 

[0 0 4 7] 

h7t^T'(l I10^l/-hf#PL1^2fiD^l/- hi#PL2 £ 
Ll/^l/, HI//<;k L u^i:Sgs&stiS. t£oT> 7-KN2&CgS 
lMilft^^Ai/^ FC 1, FC3tt 7 - FN 2 ICftfroTIPJ 

£/#FC2, FC4ti, y-KNX2^jS»*|ft»C^ffiStlS. 
[0 0 4 8] 

^*FC1, FC3tt, H »*tft*^;ts/*F 
C2, FC4 bmVftMJjfiKDtfimztjiZ,, |ot v FC 2 

, FC4&, 7-KNX2 0)Hl/^;WCj;y, ^AIC#»U ^U-hf^PL 
1, PL2©Hl//^;i/iCj;y^BtC^i&-rS 0 FC 1 

, FC3J£, 7'l/-h^PLl, P L 2©H 1^;WCJ: y,&C{C#i&U ^1/ 
- hfg#0L l^;WC«fc yj&DjC^I&TS. 
[0 0 4 9] 

o 

[0 0 5 0] 

LlO^Ll/^^fjHl/^jl/ (ft^Vddl//^;!,) {C&y, H 2 CD:/ b- hfi 
fPL2ttLW Rssl//</l/) jcHSrSti*. o*»J, 

o t^oT, 0io0^7m «ttfc«w»©*ift««3S»tc«ss a o*y, mi© 

^b- MS#P L l #h l^;wc&y, I2©7l/- hfg##L l^;wc&S £ 
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A°£/#FC3, FC4ii, A O-fey, 3f^\°>>#FCl 

, FC2(t gl^FCl<FC2©S#t'^^ 3r^/\°:y# FC 3, FC4 
§i^FC3>FC4©HftfC&6, 
[0 0 5 1] 

01 * V-^r^v+mV&l 4 © l*f©|B'Hy - KN 2, NX2|Cii§ 

*l 6 ;-KN2, NX2{C(i, 5fF©W£§M#g&&3 

*lTV\£&©£:f £. J — KN 2 lC#l/Tli, FCKFC3ffl|§CD^l 
«3*l> y — KNX 2 (CML/Tli, FC2>FC4©Si©§l;!)^i$n5 0 
fi£oT, Il©^l/-hi#PLl^Hl/^;K Vddl^;i/©3. 3VfC&3£ 
-TSi:, ;-KN2 0tffift 0.65V ( = 3.3VX50fF/ (5fF+50fF + 200fF) ) 
fC&U> ;-KNX2©tJ±H 2.59fF ( = 3.3VX 200f F/ (5fF + 50fF + 200fF 

) ) £fc»J, *©*jEHtti.84Vi:0 6©»^K:Jt^T^:liJc^^<«:s. 

[0 0 5 2] 

3tf)J:e>&C, ^y^-mVkl 4 © l#©jB^-N 2, NX2JC, -etl-ftl 1 *ftf>3& 
iift^tA'i/^FCl, FC3£FC2, FC4^iifS3tT% Un-;i/ 

[0 0 5 3] 

, 1^©;-KN2, NX2(D«jE^£igiffgU tg©^- # ^StUlC U * h 7 $ 
[0 0 5 4] 

W&attW-t*. &T©MT'&, B9£:iu«fcjc, 7yf@gSi4©ijlt©;-KN 

iCf lM^2ffl^l/-hff PLl, PL2^mJnStl*. fit, ®6©J:e) 
[0 0 5 5] 
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[0 0 5 6] 

f£T*te, SI 5C^3tl5i:fe»J, f lM!2©^l/-hf^PLl ( PL 2 

C4&;-KN2, NX 2<D U/<;i/lCJ& l5fc#WfKJSlC*r &. fit, XU-^ 

hflf# PL 1 U"<;WCJSSlfr LT, ;-FN2, NXaiC&Mft^-WlS/* 

L P£L bK;WC, -eCDSe^SLPxSrHU^tC-etl-rtlffiS&UT, *V 
-^>f y^SSWPfcSSWN&HBSrtCSSMtS-fr, xi/--7?v*m&i 4*ffi&itL 
, ;-KN2, NX2tf)«J±M£JtipgbT, 7>yf3tS. 
[0 0 5 7] 

HI 2JC!SifrK:fllI;*.T, &3t«#3f*r?2/* FC 1, FC2tXl^-^7>yfHI 
, FC4 £ XI/- -f^yrm&l H <D WZ, X>fyfl!|3 2, 3 3^f,tl 

13 0-3 3 lC#t^$tl-5o 
[0 0 5 8] 

£©X>f y^ENfcS 0-3 3 te, a«»f^l*»CfeV\T*#jlJClWt|S*lT, X 
U-^y^H!j&l 4 £3£g§S#:3f-vA£/# FC l~FC4 £ OffiZftM-rZo 
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r*UC«fcy, 7. ]s--75*J?-mft 1 4 fa(D 1 MO) J - KN 2, NX2®«fi^H 
;-FN2, NX 2(Z)J|g^tC#VN^^«#:dp^^S/^ FC 1~FC4 Otf&MMfo 
[0 0 5 9] 

lot, *>r y^is!&3 o~3 3tt, t^t-w ^e- Kfr&^y-^e- kic 

hTSMWfc, AU-y=E- F^T^-rW Ktc^fff 

a 

[0 0 6 0] 

Ell 3<z>®KH&ffn?W:, B l 5 x>f*;fif SWT^, x 

hr»^fcU3-^/S&^lCHU^lC«gi»3tl, TsA v*m%z 0~3 3# 
#M^(CMWStlT> 5yfi»14©l^©;-KN2, NX2i:®it#: 

[0 0 6 1] 

1 3 ©HIJi&tCitl^T, 3HWtA>>^FCl, FC2|CiJt'yhfflh7>i? 
*#3 4, 3 5j^»iR34x, JglC, »»I^ir^J/*FC3, F C 4 IC U iz y 

01 3<oia»i:Rfi5T?»s. 

[0 0 6 2] 

U-fev Sffih7>i?^^ 3 4-3 r^f-f^- Ksd^^'J-^- F 
5. -e*UCj:y, #»»iMt^i/fFCl~FC4®;-KFNl~FN4 



1 9 



mtE#2 003-3009346 



#2002—247346 



Kl^;WCLT, MMteJ 4 XfC££ Wltf^nbO J - KFN 1 ~ 
FN4(C^^^VNj:e){Cf S„ Jfc«®i&=!ggcZ)#1^ 3ft£©y - K<DjfBfCii 
> M^M&^LTM^^Sg^^tlTfeU, ^ft^M^^©**/ >^7* 
y-TX(Ci:U, 7- KFN 1 -FN 4 tcm^<Z>*ffi ftS«^#& 
So U -fey h7>^^f 3 4 ~3 7 ZmmZltZZtT*. -£ftio<Z) 

[0 0 6 3] 

Ell 4tf)IUi&i&^£® 1 5©Um^EI(Cj; yp^t^ 0 T^f^tlt'X 
#>/^fg^STBY(DH U^WCfS^L-T, 'J fe >y MMRES# L l^;WC 2 ft, 
U-fe^y hfflN7>^^34~3 7#£T##itftlUC3ft3 0 r*UCj:y. & 

^S. X-f ^y^fi-^SWT^H l^;WC§f[$|J£ft, X>f>yfiSS3 0-3 

3^®^iC$ftS„ ^©^T', ^l^t>*^2(D^l/- hff PL 1, PL 

2^Lix^;b, h l vsoiummznz, ^ftjcjcy, ^-/^mj^i4 

01^®;-KN2, NX2cD«ffil/K;i/}c/^DT> Hitft^YAi/^FCl 
~FC4©^^foJ^ ®1 4 {C^£ft£&ep;£|6Hc3ft£ 0 3ftT\ XhTi 

[0 0 6 4] 

^ZX% XU-^ff-^-S L P#H U"<;WCiggft3ft, XU-^h9>^X^SS 

wp, sswN#:$c#^®^«uc&y, ^vthh^>s;x#T'^£ft£M^*>-& 
t&SEi&l ^y^EIJi&l 0, 1 4<Dgfr###if:UT, X y RCA& = 
*y-^£- K^raf, yfey Mf-^RES&H l//<;wc;*ftT, 'Jt>yhMh 
^>^x###ii:ifilUc^£ft, Sfc, x>f v^m^smtL i/^;wc£ftt, 
X>f >y^im{i&3 0-3 3£^MI^ft]»JC&£ft£ 0 <fiU *U-:/*E-K#, u 

K £ t & i: £ ic ^i^U tc $ ft 3 . 

[0 0 6 5] 

LU^OwcSfts. *fticj»#LT, «WB-lH8£nn» 5 tt, *>fv?H»SWT 
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ZHUKJVIZLT, y^®j^3 0-3 4 fcStiltfWKJCU 
*0#;-KFNl~FN4S:, ^l/-^7<yf0Kl4©;-KN2, NX 2 
ZPklC U-fey h^yVX* 3 4 — 3 7 S:^bT^^> Kl"UHCLT, U 
tfh»^S:t5. -£tf>^> ffif*MB*$8£ia» 5 tt, Vizy h##RES£L I//* 

[0 0 6 6] 

icms-rs. -enicjcy, at8Mt# *#fc i, FC3isrjc«aRS£E«« 
to^4x> m&K%$—D<Dmmmk*~*rti/#MFc 2, FC3ratc^«^« 

-£*UC#oT, *l/-^«y^Eii!&l 401^0;-KN2, 
, ^U-^#SLPS:L l/^;WCMfrU 2 o©* U h?>*?X*SSW v SSW 

[0 0 6 7] 

■£<Z>^> X-T y^##SWT^L U^;i/lC$tlT, X>r*;fi»3 0~3 3^ 

Stttt#£/jfc3ftS. *>f y*HI&3 0-3 3##MiM^«UC&oT^S<£>T% 
tc«fc »J59fl» 14©; - KNX 2©Hi//<;i/^ffiTt-5^i:ttJa;vN 0 

[0 0 6 8] 

&>±<Dntsv. m i 4 ©®s&t*&, x>r y^®g&3 0-3 3 v±vh%v> 

& CD I C ? 2> Z £. ifi V% £ a 
[0 0 6 9] 
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E15&1 0 fc*l/-^y^Ef«U 4©M#lc3&§£«ft^AS/#£|gttT : fc<J;VN 
[0 0 7 0] 

5o 5 0 ft<Dm&&t>1£&mm9& 1^7U»^7n*y^4 0ICH it 

1H«5 2ft(DM'£r&Wimm&^7V v 77D>y74 2 JCli, ;t~^;i/SWVVdd 

7'j^7 < 7n<)/7 , 4 2i:n l * n v 9 mm&ttmz *U XV 
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